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The use of vacuum packaging for fresh meat with low rate of turnover in the supermarket shelves,
as it is the case of lamb meat in Spain, is recommended. Because the amount of mandatory infor-
mation on fresh‐meat labels has increased, there is a need to design new labels to enhance the
support for this information. Therefore, to anticipate the consumer's acceptance of vacuum pack-
aging and the preferences for newly designed labels is of vital importance. This is the objective of
the paper; in particular, it measures the consumers' relative importance of the vacuum packaging
and different labels in relation to other important lamb‐meat characteristics (type of cut, price,
and regional indication). To do that, a choice experiment was used and an error‐component
random‐parameter model with correlated errors was estimated. Results suggest that consumers
positively value all of the attributes except for the new designed labels. In particular, consumers
positively value the vacuum packaging but to lesser extent than other lamb‐meat attributes such
as the type of cut, the protected geographical indication certification, and the price. However,
consumers only value the vacuum packaging in the case of fresh lamb meat with a protected geo-
graphical indication certification. Moreover, this valuation is higher for older consumers who use,
to a higher extent, their own direct appraisal of the meat and the information on the label when
shopping and give less importance to the presence of liquid around the meatQ4 .
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1 | INTRODUCTION
The main functions of packaging are containment, protection and
preservation, convenience, and communication.1 Moreover, the role
of packaging is also to attract consumers' attention to influence
consumers' food choices.2 For fresh food produce sold in the super-
market shelves, the primary functions of containment, protection,
and preservation are of vital importance for retailers to ensure that
the product is safely commercialized to the consumer. These
functions are also more relevant for fresh food products with low
rate of turnover in the supermarket shelves. One example of fresh
food with low rate of turnover is the fresh lamb meat sold in the
supermarkets for 2 reasons. First, the consumption of lamb meat is
continuously decreasing. Globally, lamb and goat‐meat consumption
accounted for 1.9 kg/capita, much lesser than the consumption of
other alternative meats (15.8 for pork, 13.6 for poultry, and 9.6 for
beef).3 Moreover, the consumption of lamb meat has been declining
in the last few years, and it is a marginal meat in the consumer bas-
ket.4 In the case of Spain, the consumption of lamb meat at home
has declined around 40% in the last 10 years5,6 from 2.7 kg/capita/
year in 2006 to 1.7 kg/capita/year in 2015. Second, the frequency
of consumption of this meat is lower than other meat type of meats.7
This decreasing trend of consumption and the lower frequency of
consumption of the lamb meat induce a low rate of product turnover
in the supermarket shelves.
In this context, Spanish retailers have difficulties to sell the fresh
lamb meat by the expiration dates, and they should throw away
lamb‐meat packages with the corresponding economic losses. To solve
this problem, 1 possible alternative is using a vacuum packaging† that
is been using now only for imported frozen lamb meat to extend the
shelf life of the fresh lamb meat from 5 to 8 days to 20 to 25 days
for fresh cut or uncut meat, respectively. Although vacuum packaging
has been used in Spain for several food products (mainly for cured
meat with few examples for fresh meat for special cuts such as certi-
fied fresh beef, duck breast, and pork sirloin), it has been never used
to sell fresh lamb meat in supermarkets. In addition, vacuum packaging
has other advantages for retailers and consumers because it provides
them convenience13 and might increase the perception that the meat
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is safe and healthy. Also, in the case of fresh lamb meat, mandatory
information on different aspects has increased as a consequence of
food crises in Europe. This information must be clearly presented in
the package. Then, the role of communication of the packaging
becomes more important. Retailers can use different types of labels
to provide the mandatory information on the product, and these labels
should be designed in the way that attracts more consumers' attention
to the product. In this context, Spanish retailers are making efforts to
improve the packaging of the lamb fresh meat, and they start offering
fresh lamb meat in vacuum packaging and designing different labels to
communicate the mandatory information to get consumers' attention.
However, it is difficult to anticipate the level of consumer acceptance
of this packaging for this particular fresh meat and the liking or prefer-
ences for the different labels. This is the objective of the paper, to
investigate the acceptance of vacuum packaging and to assess
consumers' valuation for different labels.
Several studies have analysed consumers' acceptance of different
packages for fresh beef meat. Schmitz et al14 studied consumers' will-
ingness to pay (WTP) for vacuum skin–packaged beef steaks in the
United States. They found that positive information about vacuum
packaging was a necessary condition to successfully market vac-
uum‐sealed beef steaks. Chen et al15 examined consumer perceptions
and estimated the consumers' WTP for vacuum packaging of fresh
beef in Canada. The findings suggested that information about the
positive and potential negative properties of vacuum packaging plays
an important role in WTPs for vacuum‐packaged beef steaks.
Grebitus et al16 studied US and German consumer preferences for
ground beef packaged under a modified atmosphere packaging. They
found that providing information on the use of carbon monoxide in
the packaging decreased US consumers' WTP and increased German
consumers' WTP.
All previous studies were conducted for fresh meat in North
America except for Grebitus et al16 that compares US and German
consumers' preferences. They mainly studied the influence of infor-
mation about the 2 new packaging technologies in consumers' WTP
for beef (vacuum and modified atmosphere). However, our study will
also examine consumers' preferences for lamb meat in 1 European
country. Moreover, the specific objective of our paper differs from
the previous ones because this paper measures the consumers' rela-
tive importance of the vacuum packaging in relation to other impor-
tant lamb‐meat characteristics (type of cut, price, regional quality
certification, and type of label). As far as we know, this is the first
time that consumers' preferences for vacuum packaging have been
studied for fresh lamb meat. In addition, it is the first time that a
study investigating preferences for the vacuum packaging has been
conducted in Europe, except for Grebitus et al16 study, which com-
pared US and German consumers' preferences but for a modified
atmosphere package.
Data were gathered using a survey administrated to lamb‐meat
consumers in a northeast Spanish region (Aragón). This region was
selected because this is one of the regions with the highest production
and consumption of lamb meat in Spain.‡ To reach our objective, a
choice experiment (CE)§ was used with different levels of several
lamb‐meat characteristics (price, type of cut, regional quality certifica-
tion, type of packaging, and type of label).
2 | MATERIALS AND METHODS
To achieve the objective, a CE was used for its ability to value multiple
attributes simultaneously, its consistency with the random utility the-
ory, and the similarity of the choice task asked of participants to their
real purchase decisions.18 In the choice modelling approach, con-
sumers have to choose several times between alternative products
with several attributes having different levels. This task is similar to
the consumer shopping behaviour, and this familiarity is the main
advantage of the CE method. Therefore, the CE is the most commonly
used valuation technique to value food products with several attri-
butes. After the CE, participants had to respond to a questionnaire ask-
ing questions about their meat consumption frequency, the degree of
knowledge, use and satisfaction with the vacuum packaging, and
respondents' socio‐economic and demographic characteristics.
2.1 | CE and consumer preferences
The CE method is based on the Lancaster theory, which assumes that
consumers follow a utility‐maximising behaviour. Then, for a number
of relevant attributes and levels of these attributes, the individual's
utility obtained from alternative product j is Unj, j = 1,…, J. The indi-
vidual chooses the alternative that provides the greatest utility. Then,
the nth individual would choose the alternative j if and only if
Unj > Unk ∀ j ≠ k.
The consumer utility function is known to the individual but not to
the researcher. The researcher observes some attributes of the prod-
ucts and some characteristics of the consumer, but some components
of the utility are unobservable and treated as stochastic according to
the random utility model.19 Then, the utility is considered a random
variable where the utility from the nth individual facing a choice among
j alternatives within choice set J in each of t choice sets can be repre-
sented as
Unjt ¼ β′nXnj þ εnjt; (1)
where
n = 1,…,N is the number of respondents.
j = number of alternatives within choice set J.
t = number of choice sets.
Xnj = M‐dimensional column vector of observed variables related to
alternative j and respondents n.
βn = M‐dimensional row vector of individual parameters.
εnjt = extreme value error term (0, σ
2), iid over alternatives, and inde-
pendent of β and x.
Depending on the different assumptions of the density of this ran-
dom term f(εnjt), different specification of the choice model can be
specified. The selection of this density function is based on the
assumptions of consumers' preferences. Traditionally, it has been
assumed that consumers were homogeneous in terms of preferences
and a multinomial logit (MNL) model was used.19 However, it is com-
monly accepted that this assumption of homogenous consumers' pref-
erences should be relaxed and allow preferences to be heterogeneous.
In the latter case, a generalisation of the MNL model should be


















































































































specified. A random parameters logit (RPL) model was used, consider-
ing a panel structure as each individual made different choices.20
Moreover, correlations across utilities and across taste parameters
were assumed and an error‐component random‐parameter logit
(ECRPL) with correlated errors was specified.
Correlation across utilities can be generated because the nonbuy
option is really experienced by the consumer while the experimental
alternatives are designed and vary across choice tasks. Therefore, the
utilities of the designed options might be more correlated between
them and have higher variance than do the utilities of the nonbuy
alternative. In other words, the experimental designed alternatives
could share an extra error component that is not present in the utility
of the experienced alternative.21 To take into account this extra vari-
ance of experimentally designed alternatives, an additional error com-
ponent must be included in the specification of the model. This new
model is called ECRPL and has been used in several empirical applica-
tions, being very successful because it is parsimonious (it only requires
1 extra parameter) and improved the model fit.22 In addition, correla-
tion across taste parameters can be expected if some attributes are
interdependent. In this case, the correlation structure of βn should
follow a multivariate normal distribution (normal with vector mean μ
and variance‐covariance matrix Ω). If at least some of the estimates
for elements of the Cholesky matrix C (where C′C = Ω) are statistically
significant, this means that dependence across tastes exists.23
2.2 | CE design
The first step in the design of a CE is to choose the product to be
analysed and their attributes and levels. Apart from the type of packag-
ing and type of label attributes that are the objectives of the paper, this
selection was done using lamb‐meat expert opinions. Experts sug-
gested using a half‐kilo package of fresh lamb meat, as it is the most
frequently purchased package size in the town where the experiment
was conducted. They also suggested that, apart from the price, 2 attri-
butes should be considered, the type of cut and the regional quality
certification (protected geographical indication [PGI]). The type of
packaging was designed with 2 levels—the regular tray and the vacuum
packaging. The type of labels has 3 levels corresponding with 3 differ-
ent stickers to provide the mandatory information, a conventional label
—a small paper sticker with the mandatory information, an enhanced
paper sticker covering a higher proportion of the package, and a trans-
parent plastic sticker that allows the consumer to see the meat inside.
For the price, 3 price levels for a half‐kilo package of fresh lamb meat
were defined to be representative of the lamb‐meat price in the
market at the moment of the experiment (TableT1 1). For the cuts,
experts suggested using the 3 cuts most frequently purchased by
consumers—chops, leg steak, and shank. In the region, there is a
regional well‐known PGI label that is recognised at European level.
Therefore, the regional quality certification attribute has 2 levels, the
lamb meat has this regional indication (PGI) or do not have. Table 1
shows the attributes and the levels used.
The choice set design was created using the Sawtooth Software's
module, which samples from a subset of the full‐choice design for each
respondent, ensuring level balance and near‐orthogonality within each
respondent's profile. This approach avoids systematic correlations
among interactions inherent in fixed designs, and thus, both the main
effects and the higher order interactions can be robustly estimated
with sufficiently large sample sizes. For a choice set for 2 design alter-
natives plus a nonbuy option, we obtained 24 choice sets for main
effects and 2‐way interactions.24 The efficiency of the design was
95%. To avoid fatigue effects associated with multiple scenario valua-
tion tasks, the 24 sets were randomly split into 2 blocks of 12 choices.
Thus, each respondent was asked to make 12 choices.
2.3 | Data collection
Data were collected via a survey conducted in the medium‐sized town
(Zaragoza) located in the region (Aragón) with the highest production
and consumption of lamb meat during May 2013. Moreover, this town
was also selected because it is widely used by food marketers and mar-
ket research consulting companies, as the sociodemographics are rep-
resentative of the Spanish census of population (Table TA1A1). Target
respondents were adults who consume lamb meat and were food
shoppers. The questionnaire was administrated in various supermar-
kets in different suburbs to people who were shopping at the moment.
To do that, we contacted with a supermarket chain and asked the man-
agers for permission to administer the survey in various shops in the
supermarket chain throughout the town. This allows for interviewing
food shoppers as well as fresh lamb‐meat buyers because the inter-
viewer was next to the fresh‐meat refrigerators where other fresh
meat products were placed. Then, the different fresh lamb‐meat pack-
ages in the CE were also displayed in the refrigerators with the rest of
fresh meat, which allows respondents to see the different packages
and increase the environmental validity of the CE. The questionnaire
was administered face‐to‐face by a single interviewer who also
attended the previous discussions with the lamb‐meat experts and
was extensively briefed by the research team. Weekly follow‐up meet-
ings were arranged to identify any problems with the survey; however,
no major problems were detected, and the process was maintained
throughout the whole interview period. A stratified random sample
of consumers was made on the basis of gender and age. The final sam-
ple size was 170, resulting in a sampling error of ±8%, for a confidence
level of 95.5% when estimating the proportion of individuals choosing
one of the hypothetical options (p = q = 0.5; k = 2). The interviewer ran-
domly selected and approached individuals who were close to the
fresh‐meat refrigerator, asking them 1 screening question about
TABLE 1 Attributes and levels used in the choice design
Attributes Levels
Price (€/half kilo) 6, 7.5, and 9 (PRICE)
Type of cut Leg steak (LEG)
Chops (CHOP)
Shank
Regional quality certification PGI indication (PGI)
No PGI indication
Type of packaging Vacuum (VACUUM)
Conventional
Type of label Enhanced paper sticker (LENHANCED)
Plastic transparent sticker (LPLASTIC)
Conventional paper sticker
Levels in bold are reference levels in the model estimation.


















































































































whether or not they consume lamb meat. In the case of a negative
response, interviewers randomly selected another customer belonging
to a given age group until they obtained a positive response to the
question.
Summary statistics for the characteristics of the sample are pre-
sented in TableT2 2. About half of the respondents were female (55%),
very similar to the population percentage. Approximately one quarter
of the respondents was between 35 and 44 years old or 45 to 54 years
old. As shown in Table 2, our sample differs from the general popula-
tion for age because it included fewer people older than 65 years old
and younger than 34. Only 15% of participants had a primary level of
education or less. Then, a lower proportion of younger and older peo-
ple was expected because in general, fewer food shoppers belong in
those age groups. The higher proportion of people with university
studies in the sample is common in all studies because more educated
people are more prone to respond to questionnaires. Although under‐
or over‐representation of the sample is a feature common to many
other surveys and empirical studies,26 it must be taken into account
in the interpretation of results.
2.4 | Model specification
The final specification of the utility function included the different
attribute levels and the alternative‐specific constant (ASC Q7) associated
with the designed alternatives. The utility function is specified in the
following way:
TABLE 2 Sample characterisation Q5(% unless stated otherwise)
Variable Variable Sample Population
Gendera
Male FEMALE (1 = female; 44.7 49.1
Female 0 = otherwise) 55.3 50.9
Agea
18‐34 years old YOUNG35 (1 = less than 35 years; 21.2 27.9
35‐44 years old 0 = otherwise) 24.1 20.2
45‐54 years old 24.7 18.8
55‐65 years old 21.8 14.3
Older than 65 years 8.2 19.8
Respondent's level of educationb
Primary studies (1) PRIMARY (1 = Primary studies; 14,7 Q634.1
Secondary studies (2) 0 = otherwise) 45.3 41.4
University (3) UNIVER (1 = University studies; 0 = otherwise) 40.0 24.4
Average household monthly net income
Below 900 € 11.1 Na
901‐1800 € 34.1 Na
1801‐3000 € 32.4 Na
More than 3000 € HINCOME (1 = more than 3000 €; 0 = otherwise) 22.4 Na
Household size (average) HSIZE (continuous) 3.1 Na
Lamb meat purchase frequency
Several times a week WEEKLY (1 = once or more a week; 0 = otherwise) 22.9
Once a week 47.1
Several times a month 21.8
Less than once a month 8.2
Importance of different information when shopping fresh lamb meatc (average)
Butcher's advice BUTCHER 4.33
Own valuation OWNVALUATION 4.45
Information on the shelves SHELVES 3.83
Information on the label LABEL 4.32
Importance of main inconvenience of vacuum packagingc (average)
Colour COLOUR 3.06
Smell SMELL 3.68
Difficulty to open OPEN 2.25
Liquid LIQUID 3.58
Abbreviation: Na, not available.
aSpanish Census of Population, 2011. www.ine.es.
bOECD.25
cImportance scale from 1 (low importance) to 5 (high importance).


















































































































Unjt ¼ ASC þ β1PRICEnjt þ β2CHOPnjt þ β3LEGnjt þ β4PGInjt
þβ5VACUUMnjt þ β6ENHANCEDnjt þ β7PLASTICnjt þ εnjt;
(2)
where J indicates the 3 alternatives in the choice set and ASC is a
dummy variable describing the designed alternatives. This means that
value 1 corresponds with the designed alternatives and 0 represents
the nonbuy option. The price variable represents the 3 price levels (6,
7.5, and 9) for the fresh lamb meat. For the different cuts, 2 dummy
variables were built (CHOP and LEG) where 1 indicates the correspond-
ing type of cut and 0 is otherwise (Table 1). The regional quality certi-
fication (PGI) is a dummy variable where 1 indicates that the lamb meat
carried the PGI indication and 0 indicates that it does not. The vacuum
packaging variable (VACUUM) is also a dummy variable where 1
denotes the lamb meat packaged using the vacuum system and 0 rep-
resents the conventional packaging option. Finally, for the different
type of labels, 2 dummy variables were defined. In particular,
ENHANCED takes value 1 if the label is the extended paper sticker
and 0 otherwise, and PLASTIC takes the value 1 if the label is the plastic
transparent sticker and 0 otherwise. It was expected that the ASC
would be positive and significant, indicating that consumers will gain
higher utility from the designed alternatives (A and B) than from the
nonbuy alternative. All coefficients, except for the price, were assumed
to be random, following a normal distribution. Price was expected to
have a negative impact on utility based on the economic theory, and
the rest of the variables were expected to have a positive effect.
3 | RESULTS AND DISCUSSION
3.1 | Estimated utility parameters and relative
importance of the attributes
Depending on the assumptions on preferences and on the correlation
between utilities and taste parameters, 3 different specifications of the
utility equation were estimated. All estimations were conducted using
NLOGIT 5.0. First, we assumed that consumers had homogenous pref-
erences and an MNL model was specified. The second model relaxed
this assumption of homogenous preferences, allowing preferences to
be heterogeneous across individuals. Then, an RPL model, using the
panel structure of the data and taking into account that each individual
made 12 choices,20 was specified. Third, the existence of a correlation
across utilities and tastes was considered, and an ECRPL model with
correlated errors was specified. For the estimation of the RPL and
ECRPL models, we used 200 Halton draws rather than pseudorandom
draws since the former provides more accurate simulations.20
The estimation results for the 3 models are shown in TableT3 3. The
first column presents the results for the multinomial model (MNL), the
second column for the RPL, and the third presents the estimations for
the ECRPL with correlated errors.
First, the standard deviations of the estimates were all statistically
different from zero at the 1% significance level, indicating that
consumer heterogeneity exists. Thus, the RPL model was a better
specification than the MNL. Moreover, the log‐likelihood value at con-
vergence and the pseudo R2 reach their best value in the RPL model
compared to the MNL model, corroborating the idea that the former
was a better specification than the latter. Comparing the RPL and the
ECRPL, the log‐likelihood value at convergence and the pseudo R2
slightly decrease and increase, respectively, indicating that the ECRPL
model was better than the RPL. Moreover, the σε for the error compo-
nent was statistically significant, consistent with the idea that an error
component model must be specified. In addition, 2 of the values in the
diagonal of the Cholesky matrix were statistically significant at the 5%
level, indicating that the errors were correlated and, thus, a multivari-
ate normal distribution was the best assumption. Therefore, the ECRPL
model was selected for further analysis.
As expected, the ASC was positive and significant, indicating that
consumers obtain higher utility from choosing any alternative than
from the nonbuy option. Moreover, the price variable (PRICE) was neg-
ative and statistically significant in accordance with the economic the-
ory. All of the coefficients for the attribute levels were statistically
significant except for the type of label, of which both estimated param-
eters were statistically equal to zero (ENHANCED and PLASTIC), indi-
cating that consumers value the 3 types of label the same. The rest
of the statistically significant estimated coefficients were positive.
The positive estimated coefficient for the vacuum packaging (VAC-
UUM) indicated that consumers gain higher utility for this packaging
than for the conventional. Then, we found that vacuum packaging for
fresh lamb meat is accepted by lamb‐meat consumers. The 2 types of
cut coefficients (LEG and CHOPS) were positive, which means that con-
sumers get higher utility for a package of fresh leg steak and chops
than they do for a package of shanks. This result was expected because
these 2 cuts are indeed the most popular for consumers in the town,
and therefore, they used to be more expensive in the meat stores.
The PGI indication variable was also positive, indicating that con-
sumers attained higher utility for a package of lamb meat with the
PGI indication than for the meat without this regional certification.
This result is consistent with the existing literature on valuation of
PDO and PGI indications for food products, and for meat in particular.
In the case of meats with PGI, the quality label is frequency linked to a
production region, and the origin of lamb meat is one of the aspects
that is most highly valued by consumers.27-31
Although we found evidence that vacuum packaging for fresh
lamb meat is accepted, we are interested on the importance con-
sumers attached to this packaging in relation to the other attributes.
Then, based on parameters estimates, the relative importance for
each of the attribute levels was assessed. The importance scores (IS)
were calculated by multiplying the absolute value of the estimated
coefficients by the difference between the highest and the lowest
of each attribute level.32 The score measures the extent to which
consumers' utility changes as the level of the attribute is altered
and is calculated as follows:
IS1 ¼ β1 Highest−Lowestð Þ
∑71βk Highest−Lowestð Þ
; (3)
where k indicates the number of attribute levels, in our case, 1 to 7
(Equation 2).
Table T44 presents the relative importance of the lamb‐meat attri-
bute levels and shows that the most important attribute levels were


















































































































the PGI certification followed by the chops, the price, and the leg
steak. The less important attribute levels were the vacuum packaging,
the plastic sticker, and the enhanced sticker. Then, we can concluded
that consumers would accept the vacuum packaging for fresh lamb
meat but their valuation is lower than the valuation of other attributes
such as quality certification (PGI). On the other hand, the new labels
did not receive higher valuation than the regular used label.
3.2 | Interaction analysis between the vacuum
packaging and the rest of the attributes
To further investigate acceptance of the vacuum packaging, we
analysed the interaction between the vacuum packaging and the rest
of attribute levels to see if this type of packaging was more accepted
for some types of attributes. To conduct this analysis, we included in
the previous ECRPL model** the 2‐way interactions between the vac-
uum packaging and the rest of the attribute levels. The new utility
function to be estimated is as follows:
Unjt ¼ ASC þ β1PRICEnjt þ β2CHOPnjt þ β3LEGnjt þ β4PGInjt
þβ5VACUUMnjt þ β6CHOP*VACUUMnjt þ β7LEG*VACUUMnjt
þβ8PGI*VACUUMnjt þ εnjt;
(4)
where the interactions among the vacuum packaging dummy variable
and the rest of attribute level dummies were calculated by multiplying
them (CHOP*VACUUM, LEG*VACUUM, and PGI*VACUUM).








TABLE 3 Estimates for the parameter models
MNL RPL ECRPL
Mean values
ASC 1.6266 (7.05)*** 1.9717 (6.82)*** 2.92 (8.03)***
PRICE −0.1165 (−4.57)*** −0.2034 (−6.03)*** −0.2145 (−7.36)***
LEG 0.2952 (3.73)*** 0.5095 (4.24)*** 0.4807 (4.38)***
CHOP 0.7957 (9.26)*** 1.2396 (8.86)*** 1.3151 (6.98)***
PGI 1.0215 (17.56)*** 1.4888 (10.26)*** 1.7502 (9.33)***
VACUUM 0.1429 (2.61)*** 0.2496 (2.36)*** 0.3044 (1.96)**
LENHANCED 0.0679 (0.92) 0.1386 (1.29) 0.0180 (0.11)
LPLASTIC 0.0921 (1.19) 0.2013 (1.64) 0.1298 (0.80)
Standard deviations of parameter distributions
LEG Q8– 0.7612 (5.45)*** 0.7392 (5.40)***
CHOP – 0.9777 (5.89)*** 1.3579 (6.70)***
PGI – 1.6100 (9.85)*** 1.9521 (10.74)***
VACUUM – 1.0173 (8.96)*** 1.1857 (10.93)***
LENHANCED – 0.5365 (3.36)*** 0.9401 (5.60)***
LPLASTIC – 0.8204 (5.99)*** 1.1113 (5.25)***
Diagonal values in Cholesky matrix
LEG – – 0.7392 (5.40)***
CHOP – – 0.0086 (0.04)
PGI – – 0.0228 (0.09)
VACUUM – – 0.0581 (0.21)
LENHANCED – – 0.4333 (1.74)*
LPLASTIC – – 0.6833 (2.58)***
Standard deviation of the latent random effect
σε – 2.1217 (4.49)***
N 2040 2040 2040
Log‐likelihood −1589.70 −1454.19 −1400.27
Pseudo R2 0.12 0.35 0.37
Abbreviations: ASC, alternative‐specific constant; ECRPL, error‐component random‐parameters logit; MNL, multinomial logit; PGI, protected geographical
indication; RPL, random parameters logit.






















































































































TableT5 5 shows the estimate coefficients for the ECRPL model with
interaction dummies. First, we observed that the only interaction term
estimated parameter statistically different from zero at the 5%
significance level was the PGI*VACUUM. The positive value for the
interaction between the PGI indication and the vacuum packaging
(PGI*VACUUM) indicated that consumer's utility for the lamb meat with
both the regional PGI indication and the vacuum packaging is higher
than is the sum of the utilities derived by either the PGI indication or
the vacuum packaging. Thus, combining the regional PGI indication
and the vacuum packaging in lamb meat is a better strategy because
consumers attached more value in this combination than they do for
the provision of each of the characteristics (PGI and vacuum packag-
ing, respectively). Moreover, it was observed that the main effect of
the vacuum packaging on the utility was now no longer statistically dif-
ferent from zero. These 2 results indicated that the vacuum packaging
was only valued by consumers in the case of the fresh lamb meat with
the PGI indication. This result is new in the literature because as far as
we know, no other previous research already analysed this issue. This
finding indicated that consumers attain higher utility for the vacuum
packaging only for the meat of higher quality, in this case, for the lamb
meat having the PGI certification. This finding is important for lamb‐
meat producers because they can take advantage of this higher joint
valuation and introduce vacuum packaging in the market for this higher
quality meat (lamb meat with PGI). Once the vacuum packaging is
accepted for this type of certified lamb meat and becomes better
known to the consumers, the lamb sector could start using it for other
cuts of lamb meat.
Finally, the other 2 interaction terms in the model were not statis-
tically significant, which means that the vacuum packaging did not add
any value to the type of cut (LEG or CHOP). We can conclude that the
regional PGI indication and the vacuum packaging are complementary
attributes and both should be used together to differentiate the fresh
lamb meat in the market and reach consumers who value these 2 attri-
butes the most.
We also observe in Table 5 that consumers' preferences were
heterogeneous for the different attribute levels and for the interac-
tion between the PGI and vacuum packaging because the standard
deviations were statistically significant. This indicates that consumers'
utilities differ across consumers for the different attributes and for
their combination. To better understand the reasons for this hetero-
geneity, we investigated the main determinants of consumers' valua-
tion for the vacuum packaging. To do this, we take the utilities of the
interaction between the PGI and the vacuum packaging (β8 in Equa-
tion 4) for each of the respondents from the final estimated model in
Table 5 (last column). Then, these estimated utilities were regressed
on different consumer characteristics: purchase behaviour, opinions
on vacuum packaging, and sociodemographic and economic variables.
In particular, the explanatory variables in this regression are defined
in Table 2.
This model was estimated using ordinary least square because the
dependent variable has a continuous nature. Table T66 shows the esti-
mated parameters for the consumers' utilities for both the PGI and
the vacuum packaging attributes. First, only the explanatory variables
that were statistically significant different from zero were maintained
in the final estimated model. This model was overall statistically signif-
icant (F values reject the null hypothesis that all estimated parameters
are equal to zero at the 5% significance level), and the explanatory
variables that were ultimately included explained a reasonable part of
the utility heterogeneity (adjusted R2 value was 0.13). Robust t ratios
were reported for individual parameter significance to correct for
heteroscedasticity.33
The results indicated that few explanatory factors were statisti-
cally significant. Only 1 sociodemographic consumer characteristic
explained the utility for both attributes (PGI and VACUUM). The nega-
tive value for the estimated coefficient for the variableYOUNG35 indi-
cated that consumers younger than 35 years old placed a lower value
on fresh lamb meat with PGI using a vacuum package. Although this
result is new because no other paper analyses this particular issue,
we found a similar result in Chen et al,15 which stated that WTP for
vacuum‐packaged beef steaks increased with other socio‐economic
TABLE 5 Estimates for the parameterQ9 model with interaction effects
ECRPL ECRPL—Final
ASC 3.5077 (8.73)*** 3.3342 (9.05)***
PRICE −0.2031 (−6.14)*** −0.1919 (−7.01)***
LEG 0.4112 (1.65)* 0.4521 (3.60)***
CHOP 1.3205 (4.93)*** 1.0847 (6.95)***
PGI 1.1024 (3.33)*** 1.0562 (6.67)***
VACUUM −0.3187 (−0.82) –
LEG*VACUUM 0.3324 (0.62) –
CHOP*VACUUM −0.1727 (−0.4) –
PGI*VACUUM 0.9798 (1.96)** 0.5307 (2.95)***
Standard deviations of parameter distributions
LEG 0.5287 (1.83)* 0.9015 (6.88)***
CHOP 1.3932 (3.78)*** 1.0724 (5.61)***
PGI 2.0523 (6.49)*** 1.7472 (9.92)***
VACUUM 0.7625 (2.01)*** –
LEG*VACUUM 1.5837 (3.05)*** –
CHOP*VACUUM 1.3968 (3.08)*** –
PGI*VACUUM 1.5760 (2.75)*** 1.6845 (11.05)***
Diagonal values in Cholesky matrix
LEG 0.5287 (1.83)* 0.9015 (6.88)***
CHOP 0.1095 (0.28) 0.8256 (5.72)***
PGI 0.6811 (1.17) 1.5855 (8.48)***
VACUUM 0.0831 (0.11)*** –
LEG*VACUUM 1.0901 (3.65)*** –
CHOP*VACUUM 0.2058 (0.31) –
PGI*VACUUM 0.6844 (1.57) 1.2426 (9.42)***
σε 2.2562 (6.46)*** 2.2644 (9.46)***
N 2040 2040
Log‐likelihood −1402.83 −1421.79
Pseudo R2 0.37 0.37
Abbreviations: ASC, alternative‐specific constant; ECRPL, error‐component
random‐parameters logit; MNL, multinomial logit; PGI, protected geo-






















































































































characteristics such as the level of education, level of income, and the
presence of children in the household. In addition, Angulo et al34 and
Sepúlveda et al35 found a relationship between the consumer's age
and quality‐labelled lamb meat.
The estimated coefficients for the variables OWNVALUATION and
LABEL were positive and statistically significant. This result indicates
that consumers who, when shopping for fresh lamb meat, used their
own evaluation of the product and the information in the label placed
a higher value on the lamb meat with PGI using a vacuum package. In
other words, the direct appraisal by consumers when shopping is 1
important aspect that increases consumers' valuation of the lamb meat
with the vacuum packaging. This result is in agreement with Sepúlveda
et al,36 which stated that direct appraisal was the aspect most valued
by all groups of buyers to infer the quality of meat at the time of pur-
chase. Consumers that attach higher importance when shopping to
their direct appraisal and the information on the label are likely to be
more prone to buy fresh meat at the supermarket where they cannot
be advised by the butcher. Thus, we can assume that this segment of
consumers could place a higher value on the lamb meat already pre-
pared with vacuum packaging having a quality level already certified
by the PGI.
Finally, the negative and statistically significant estimated coeffi-
cient for the variable LIQUID indicated that consumers who highly
believe that the main inconvenient of the vacuum packing is the for-
mation of liquid around the meat showed lower value for the lamb
meat with PGI using a vacuum package. This result was indeed
expected and should be taken into account when making recommen-
dations to producers.
Then, we can conclude that the vacuum packaging is valued for
consumers but only for the fresh lamb meat with PGI indication and
that consumers' valuation of this meat depends on the consumers'
age, own evaluation when shopping, information on food labels,
and perceived inconvenience of vacuum packaging (liquid around
the meat).
4 | CONCLUSIONS
The significant decrease in the consumption of lamb meat has
resulted in different problems along the supply chain. In particular,
there are problems with lamb meat on supermarket shelves because
fresh lamb meat is a highly perishable product with low turnover
rate. The use of vacuum packaging could contribute to extending
the shelf life of the product and mitigating these problems. How-
ever, although vacuum packaging has been used for other meat
products (eg, cured meat), it has been never utilized to sell fresh
lamb meat in Spanish supermarkets. Then, it is difficult to anticipate
whether lamb‐meat consumers would accept the vacuum packaging
for this particular fresh meat. Our results confirmed that consumers
positively value the vacuum packaging but to lesser extent that
other lamb meat attributes such as the type of cut, the PGI certifica-
tion, and the price. Moreover, we found that consumers only value
the vacuum packaging in the case of fresh lamb meat with the PGI
certification. This result is of relevant interest because it indicates
that the introduction of the vacuum packaging would be accepted
by consumers but mainly for the higher quality meats with a PGI
certification.
Because of the increase amount of mandatory information to dis-
play in the package for meat products, the role of communication of
the package becomes more important. Then, new labels were designed
to enhance the communication function. However, results indicated
that the new labels (enhanced and plastic) were not more valued by
consumers than the conventional used labels.
Although these results are very promising, we have to point out
that this work, however, does have 1 main shortcoming due to cost
and time constraints—the sample size of this study was relatively small,
and the survey was only conducted in 1 particular town in Spain. This
fact must be taken into account when interpreting the results. To gen-
eralise the conclusions, additional similar studies should be performed
for larger samples and in other geographical areas.
ENDNOTES
† Vacuum preserves the meat from oxidative deterioration because the
elimination of the oxygen impedes the ability of oxygen‐breathing micro-
organisms to grow and spoil the product. Another advantage of the
vacuum packaging is that water loss from the meat is avoided.8,9 How-
ever, in the case of fresh meat, removing oxygen can distort the
appearance of the product; in particular, the meat turns a purple‐brown
colour that is distinctly different from the bright red colour of the con-
ventional tray‐packaged fresh meat. However, the initial colour of the
meat (redness) can be partially recovered when the pack is opened and
the meat is exposed to air.10-12
‡ Per capita lamb consumption in the region in 2013 accounted for
4.93 kg/person/year versus 1.93 kg/person/year in the rest of Spain
and was the region with the highest per capita consumption.17
§ Consumers in the experiment faced real products as examples, but we did
not conduct a real choice experiment because only few packages of lamb
meat with vacuum packaging were prepared for a company to be used in
the experiment.
** We dropped the 2 label variables (ENHANCED and PLASTIC) because
they were not statistically significant in the previous estimations.
ORCID
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TABLE 6 Factors affecting individual utilities for the lamb meat with












Abbreviation: PGI, protected geographical indication.
Number of observations = 170/Robust White (1980) t ratios are reported.
*Statistically significant at 10%.
**Statistically significant at 5%.
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ANNEX. POPULATION IN SPAIN AND THE TOWN
TABLE A1 Population by sex and age in Spain and in the town (%)
Sex Age
Total Female Male 0‐19 20‐34 35‐54 55‐64 More than 64
Spain 46 148 605 50.99 49.01 19.88 20.80 31.10 11.05 17.14
Town 952 383 50.90 49.10 18.46 19.63 30.83 11.64 19.42
Source: Spanish Census of Population, 2011. www.ine.es.
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